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M ethod o f E xp e rim e n tin g .-E x a m in a tio n o f Alcohols a n d F a tty A cid s.
I n th e y e ar 1863 th e la te H r. W . A. M i l l e r described his m eth o d of exam ining th e diactinic pro p erties of various saline solutions a n d organic substances. (M i l l e r , " On th e P h o to g rap h ic T ran sp aren cy of V arious Bodies, See.," P h il. T rans., 1863, I.) H e found th a t th e spectrum tra n s m itte d b y lenses an d prism s of rock-crystal was far superior in le n g th as d ete rm in e d b y sensitive photographic plates, to th a t o b tain ed w hen lenses an d prism s of glass an d o th e r m aterials w ere em ployed. H e found p a rticu la rly t h a t th e spectrum produced b y passing electric sparks betw een silver p o in ts was very rich in photographic rays, an d he ascertained how far various substances w ere tra n s p a re n t to th ese rays. Professor S t o k e s a t th e sam e tim e com m unicated re su lts h e h a d o btained w hen stu d y in g th e long spectrum of th e electric lig h t by receiving th e rays on a fluorescent screen. (S t o k e s , " O n th e L ong Spectrum of E lectric L ig h t," P hil. T rans., 1863, I.) H e discovered th e fact t h a t certain solutions showed lig h t an d d a rk bands w hich w ere otherw ise invisible. M ore recently, M. S o r e t has stu d ied th e absorption of th e u ltra -v io le t ray s of th e sp ectru m tra n s m itte d by various substances, using for th e purpose a spectroscope of his invention, w hich has a fluorescent eye-piece. (S o r e t , " B echerches su r 1'A bsorption des P ay o n s U ltra-v io le ts par diverses substances," * A rchives des Sciences P hysiques e t N a tu re lle s ; ' G eneva, Jan u ary , 1878.) I n 1872 th e a p p aratu s of H r. M il l e r was reconstructed by one of us, and certain im provem ents w ere introduced. T he in te n tio n of rep eatin g his ex p eri m ents an d carrying th em out in a m ore com plete m anner was p rom pted b y a desire to know w h a t relation, if any, exists betw een th e m olecular c o n stitu tio n and th e actinic absorption of organic substances. N o encouragem ent to pursue th is line of research was offered b y th e resu lts of H r. M i l l e r , since he states, " I have n o t been able to trace any special connexion between th e chemical complexity of a substance and its diactinic power." (' Journal of th e Chemical Society/ vol. ii., p. 68.) Thus w ater was found to be perfectly diactinic, and ethylic alcohol more than methylic alcohol, though less so than water. Since all th e physical properties of organic sub stances are dependent on th eir molecular constitution, it is very probable th a t the photographic transparency of a substance is a delicate te st of its purity, and th a t not w ithstanding the care taken in the purification of specimens, yet some of the experi m ents of Dr. M il l e r were made w ith impure substances. In the face of this difficulty it was thought th a t by observing a large num ber of bodies of similar constitution, many of which would be metameric substances, such as the ethereal salts of the organic acids, and homologous series of th e normal alcohols and acids, evidence m ight be forthcoming of the influence of im purities, and the variations in the absorption of the invisible rays caused by each increm ent of C H 2 in the molecule. As according to the researches of M il l e r th e physical state of a substance does not generally affect its absorptive power, we may avoid th e difficulty of m aking observations on equal volumes of organic substances in a state of vapour, and easily arrive a t the maximum absorption due to a molecule of a substance, by taking into account its specific volume in the liquid state, and by m aking th e thickness of the layer of liquid experimented on proportional to its specific volume, or by dissolving molecular weights of substances in solvents of known transparency.
The Method o f Experim enting.
A fter considerable tim e spent in giving a trial to the various methods of studying th e ultra-violet rays, th e photographic m ethod appeared to be decidedly the most satisfactory.
Rays which are very indistinct, or even quite invisible on any fluorescent screen, may be brought out distinctly on a properly prepared photographic plate.
I t is useful, however, to have a focussing screen of uranium glass in the camera, or what answers th e purpose equally well, a glass plate coated w ith gelatine in the solution of which some sesculin has been dissolved.
To observe the spectrum by reflected light, and view the visible and invisible rays simultaneously, a piece of paper steeped in a solution of sesculin, to which a little ammonia has been added, may be employed, and it answers the purpose even when dry.
The instrum ents employed were the following :-1st. A n induction coil and Leyden ja r for producing an unbroken stream of sparks between m etal points. 2nd. A collimator tube 3 feet long, carrying a pair of clips a t one end for holding the points close to the slit, and a quartz lens a t the other. 3rd. A quartz prism placed a t the angle of minimum deviation for the sodium line D. 4th. A nother quartz lens and the body of a photographic camera which could be extended to 36 inches. The separate portions of this lengthy apparatus were firmly screwed down to two heavy tables to prevent the shifting of any part, since the proper adjustm ent of the whole takes some time. T he coil, w hich could, give a 6 or 7-inch sp a rk in air, was excited by a b a tte ry of five G r o v e 's cells. O th e r b a tte rie s w ere trie d , b u t none gave such satisfactory results w hen w orking for hours to g eth er. T he L ey d en j a r w as of such a size th a t each surface of tinfoil m easured 72 square inches.
The carriers for th e m etallic p o in ts are so fixed to th e collim ator tu b e t h a t by th e m otion of tw o screws th e y m ay be m oved from rig h t to le ft across th e slit, and a t th e same tim e as close as desirable u n d e r different circum stances. T he p ro p er position of th e carrier is, o f course, a v ertical one, b u t i t could be tu rn e d over in a horizontal direction so as to afford convenience for fixing th e points. T he electrodes are m ore conveniently h eld by screw forceps th a n b y sp rin g clips. B road electrodes, as form er experim enters have p ointed out, are usu ally th e b e st to w ork w ith (M i l l e r a n d S t o k e s , loc. cit.), b u t w e have in certain cases o b tain ed b e tte r resu lts w ith points, as for instance, w ith nickel w ire. T he sp a rk a p p a ra tu s w as enclosed in a w ooden box along w ith th e en d o f th e collim ator tu b e to p re v e n t th e lig h t e m itte d b y th e electrodes from escaping in to th e d a rk room , an d to muffle th e irrita tin g noise of th e electric discharge. W e have h a d no difficulty in o b tain in g an u n in te rru p te d stream of sparks yielding a perfectly stead y lig h t for th re e q u a rte rs of an hour. Professor S t o k e s used a condensing lens of 2 \ inches focal le n g th to concentrate th e ray s of th e sp a rk upon th e slit, b u t since we som etim es em ployed a n am algam co n tain in g several m etals as th e low er electrode, w e could n o t use th e sam e, for th e reason t h a t m ercu ry vapour w ould condense upon th e lens. In ste a d of condensing th e ra y s w ith a lens, we dim inished th e loss of lig h t v ery g re a tly b y fixing th e electrodes as n e a r as possible to th e slit, a n d placing th e cell ho lding th e liq u id to be exam ined in a little w ooden box b e h in d th e slit, in to which th e collim ator tu b e passed. T his box w as a b o u t 4 inches long, w ith a h in g ed lid, a n d i t w as possible to place a tra in of th re e or four cells full of liquid w ithin it, th ro u g h w hich th e ray s w ere tra n s m itte d .
The cells them selves w ere c u t from w ide glass tu b e b y slicing i t lo n g itu d in ally in tw o pieces an d c u ttin g off len g th s of th re e -q u a rte rs of a n inch. T hese w ere fitte d in m etal fram es, an d pieces of q u a rtz w ere affixed to each end b y m eans of screws pressing upon a rim of m etal. T he situ a tio n of th e liquid behind th e slit, an d therefore a t a distance from th e spark, obviated a difficulty caused b y th e ign itio n of th e vapour of volatile liquids. T he tu b e of th e collim ator, how ever, becam e filled w ith vapour, w hich of itse lf w ould e x e rt a stro n g absorption in m any cases, a n d in order to rem ove th is vapour a nozzle w as fixed a t rig h t angles to th e tu b e a t a p o in t as close to th e lens as possible, an d th is w as placed in com m unication w ith a concertina aspirator, tw o or th re e strokes of w hich will draw five or six litres of air th ro u g h th e tube.
The lens behind th e prism was capable of being raised an d low ered by m eans of a sliding fro n t as on an ordinary landscape camera. This enabled us, w hen occasion required, to ta k e th re e photographs on a p late 2 inches in w idth. A ccording as was found m ost convenient we have m ade use of electrodes of silver, cadm ium , zinc, alum inium , nickel (containing as we find b y its spectrum a trace of copper), indium , and iron.
In some cases an amalgam containing silver, zinc, cadmium, sodium, aluminium, and magnesium has been used together with a point of iron. The spectrum most generally useful is th a t yielded by nickel points. In certain cases, particularly when several absorption bands occur, it is advisable to photograph w ith the slit open, so th at the nickel lines may not be too distinct.
The Photographic Process.
T he original m eth o d o f p h o to g ra p h in g em ployed b y D r. M il l e r w e h av e found to be d e fe c tiv e : first, because th e m ore re fra n g ib le en d of th e u ltra -v io le t sp ectru m is ex trem ely w eak, if n o t e n tire ly w a n tin g , w hen p h o to g ra p h e d on p la te s containing a plain iodised c o llo d io n ; secondly, a w e t collodion process is d isad v an tag eo u s when long exposure is som etim es n e c e s s a ry ; an d th ird ly , w h e n w o rk in g in a sm all room the ozone g e n e ra te d b y th e electric d isch arg e a cts u p o n w e t collodion p la te s in such a m a n n er t h a t th e y become coated w ith a th ic k d e p o sit o f silv e r d ire c tly th e developing solution is applied, th e deposib b e in g d e n se s t w h ere th e b a th so lu tio n h as m ost accum ulated. M uch la rg e r a n d b e tte r s p e c tra a re o b ta in e d b y u sin g o rd in a ry bromoiodised collodion a n d an iron developer, b u t o f course th is process' is re n d e re d useless b y th e action o f th e ozone on th e silv er solution.
The extraordinary improvements made of late years in the preparation and develop m ent of dry plates, together w ith th e foregoing facts, combined to recommend a dry process.
Successive trials have been made w ith plates coated w ith washed collodio-bromide emulsion, w ith the B e e c h y standard dry plates, uranium plates, Mr. K e n n ett's and W ra t t en and W a in Wr ig h t 's gelatine pellicle plates.
The gelatine plates are to be preferred for two reasons; if they are w anted for the production of negatives to print from, th e film is exceedingly fine and even in texture, and on th e other hand, if transparencies showing absorption bands are desired they need not be varnished. The B e e c h y plates are more sensitive to very feeble rays in a certain part of the spectrum than those coated with gelatine pellicle; this may be seen by comparing the spectra of iron photographed on these two varieties of plates. One advantage of the gelatine plates is th a t they photograph more of the less refrangible rays than any others we have tried, and though the lengthening of th e spectrum in consequence is comparatively slight, yet it is of importance in the examination of certain coloured substances, which while they transm it rays of higher refrangibility absorb the blue and violet. Such bodies are solutions of the nitrophenols and nitranilines. The exposure of the sensitive plates has been varied from 10 seconds to an hour and a-half, accord ing to circumstances, depending partly on th e plates employed and the object to be a tta in e d ; b u t it is seldom th a t a longer period than a m inute is necessary even for the production of negatives to print from, and when photographing absorption spectra with an open slit 10 seconds will suffice.
The M easurem ent o
The lines of zinc, cadm ium , and alum inium offer a convenient m eans of determ inin g th e position of ab sorption bands, &c., an d M . S o r e t h as em ployed them . T he lines of cadm ium in th e u ltra -v io le t as w ell as in th e visible p o rtio n of th e spectrum have been m easured by M . M a s c a r t an d th e ir w ave-lengths calculated. M . S a r a s in has m ade use o f th ese m easurem ents in his d e te rm in a tio n of th e refraction indices of q u artz for th e ordinary a n d e x tra o rd in a ry ra y s in th e u ltra -v io le t spectrum . (' A rchives des Sciences P h y siq u es e t N a tu re lle s ;' G eneva, vol. lxi, p. 109 ; Ja n u a ry , 1878.) T he w ave-lengths for th e cadm ium lines in th e invisible portions of th e sp ectru m are show n in D iagram No. 1, an d i t w ill be seen t h a t several of th e follow ing diagram s have been m ade a fte r th is scale, i t being a,n a d v an tag e to have th e m etallic lines placed a t interv als corresponding to th e ir w ave-lengths. W h e n nickel p o in ts in stea d of cadm ium have been used, tw o stro n g ly m ark ed air-lines below th e solar line Ij (P la te 2 1 , fig. 1 ) serve as a sta rtin g p o in t for m e a su re m e n ts; a n o th er air-line b etw een th e lines 11 and 12 also answ ers th e sam e purpose. Inasm uch, how ever, as th e appearance of spectra as seen w hen p h otographed is different from t h a t w hen th e lines have been m apped o u t in accordance w ith th e ir w ave-lengths, i t has been considered desirable to follow th e plan of M . S o r e t a n d lay dow n th e sp ectra in some cases j u s t as th e y appear in th e photographs.
Som e of th e ad v an tag es derived from th e em ploym ent o f p h o to g rap h y in stu d y in g th e u ltra-v io let ray s are th e follow ing : T he m easurem ents are free from an y personal error, th e p h o to g raphs are p e rm a n en t a n d u n m istak ab le records easily referred to, an d th e observations are m ade m ore rap id ly a n d w ith m uch less fatig u e to th e eye th a n b y any o th er m eans. F u rth e rm o re , liquids w hich are slig h tly tu rb id an d u n fit for obser vation w ith a fluorescent screen or eye-piece can be exam ined photographically b y leng th en in g th e exposure of th e p late.
A bsorption Caused by F ilm s o f C anada B a lsa m .
I t w as considered v ery desirable to know w h e th e r C anada balsam , as u sed in th e construction of optical a p p aratu s, w as capable of c u ttin g off th e u ltra -v io le t rays to any considerable e x te n t. W e are aw are, from th e researches of M . S o r e t , th a t Icelan d spar is extrem ely tra n sp a re n t, th e 2 6 th line of cadm ium being distinguishable th ro u g h a thickness of 65 m.m. of th e substance. I t w as only necessary, then, to ta k e a sm all N ic o l 's prism an d interpose i t betw een th e slit an d th e first lens. T he re su lt show ed th a t lenses an d prism s, cem ented w ith C anada balsam , are u tte rly useless for such experim ents as these, th e m ore refrangible ray s being c u t off sharply a t th e 1 2 th line. Several k in d s of beautifully clear an d colourless optical glass, m ade b y F e i l , of P aris, and le n t us by M r. H il g e r , have th e sam e effect upon th e spectrum , w h eth er th e glasses be m ade of lead or alum inium ; th e y are all u tte rly valueless for observations on rays more refrangible th a n line No. 12 of cadmium. F lu o r spar is q u ite tran sp aren t.
E xam ination o f Organic Substances.
A fter making a preliminary series of observations on the alcohols, ethereal salts, and fatty acids, we abandoned the use of silver electrodes used by Dr. M il l e r , and at once, by the aid of other metallic spectra (referred to on diagram No. 1), investigated the comparative transparency of quartz in use for constructing cells, the cells being filled w ith w ater and w ith different alcohols. I t will be seen th a t the sides of three quartz cells are almost quite transparent, and that, when filled w ith water, they are practically unchanged in this respect.
I t is evident th a t we need not fear to employ the three cells in a train, or to use pure w ater as a solvent for such substances as we may desire to examine in solution. The thickness of liquid examined was never less th an three-quarters of an inch.
Many of the following organic substances were obtained from Mr. K a h lba u m 's agents ; they were prepared in his factory, and were afterw ards carefully rectified and purified by us.
Methylic Alcohol. Specimen No. 1 .-This was apparently perfectly p u re ; it had no odour or colour, and it boiled a t 66° C. I t transm itted very few rays beyond 12 Cd, and it is w orthy of rem ark th at, both before and after distillation from quick lime prepared from pure marble, it yielded th e same absorption spectrum. The identical specimen of m ethylic alcohol examined by Dr. M il l e r was compared with this, and was found to give the same spectrum. The bottle containing it was labelled " Methylic alcohol from m ethylic oxalate."
Specimen No. 2.-This sample was kindly furnished, in a raw state, by Mr. J ohn W il l ia m s , President of the Pharm aceutical Society. I t had been prepared from oil of winter-green. A fter redistillation w ith caustic potash, and dehydration with caustic lime, it was rectified, and found to boil between 66° and 66°'5. As it possessed a faint, sweet smell, it was manifestly impure, the im purity doubtless being a small quantity of some essential oil not capable of saponification. The somewhat longer spectrum of this substance favoured the belief th a t a specimen of absolute purity would be nearly photographically transparent. The specimen examined by M. S oret trans m itted very little beyond the line 18 Cd, and was therefore not of such purity as this, since only 10 m.m. or about half the thickness of liquid was examined.
Specimen No. 3.-About a kilogramme of oxalate of m ethyl, beautifully crystallised and perfectly white, was decomposed by strong soda solution, which was made from pure soda prepared from sodium. Repeated rectifications from lumps of soda yielded more th an 200 grammes of methylic alcohol, which, as it gives a spectrum showing almost as great a transparency as water, m ust be regarded as absolutely pure. I t boils a t 66° C., and has neither colour, odour, nor distinctive taste. Two photographs of this specimen are represented in the diagram ; the longer spectrum resulted from th e use of indium and zinc points. I t shows how very nearly the alcohol approaches w ater in transparency. 
Ethylic
Alcohol. Specim en No. 1 .-T his specim en w as obtained from Mr. K a h l b of Berlin. A fte r rectification i t boiled a t 7 8°*5. I t e x h ib its slig h tly less tran sp aren cy th a n m ethylic alcohol.
Specim en No. 2.-A sam ple of ord in ary commercial absolute alcohol obtained from Messrs. B t jr g o y n e an d B t jr b id g e s , B P . 79°. W e te s te d tw o or th re e W in c h este r q u arts of th is liq u id an d m ade use o f i t for dissolving such substances as w ere insoluble in w ater. T hey yielded th e sam e sp ectru m as Nos. 1 a n d 2. Several o th er sam ples we have exam ined are n o t of such g re a t p u rity , a lth o u g h from th e sam e firm.
P ropylic Alcohol.-T his w as carefully purified a n d red istilled , B P . 97°*5. I t is a substance very difficult to d eh y d ra te com pletely, b u t, as a tra c e of w a te r does n o t affect its diactinic q u ality , th is m ay he disregarded. I t w ill be seen by a glance a t th e diagram th a t one cell-full of th e liq u id is less diactinic th a n ethylic alcohol, an d t h a t the absorption d u e to th re e tim e s th e th ick n ess of one cell is n o t m uch g re a te r th a n th a t caused b y one cell only. A s th e specific volum es o f th e th re e alcohols are as th e following n um bers :- we m ay exam ine th e liquids in w h a t are n early m olecular pro p o rtio n s b y ta k in g layers of liquid differing in th ick n ess in th e proportions of 2, 3, a n d 4 according to th e num ber of carbon atom s in th e m olecule. I t w ill be seen t h a t th ese th re e substances show a g rad u a l increase in th e absorption of th e m ore refrangible ray s corresponding to th e size of th e ir m olecules, or, in o th e r w ords, to th e n u m b er of carbon atom s th e y contain. T he increased ab so rp tio n is p erfectly e v id e n t w h e th e r we ta k e equal volum es of th e liquids or th icknesses prop o rtio n al to th e ir specific volum es, from w hich we m ay conclude t h a t one cell-full of liquid e x e rts n e arly th e m axim um am o u n t of absorptio n of th e substance.
N o rm a l O ctylic Alcohol.-I t has been show n t h a t th is substance is obtainable from th e oil of H eracleum S p o n d y liu m . This specim en w as p rep ared from heracleum oil by Mr. K a h l b a t jm . A fte r purification i t boiled a t 19 2°*5 in ste a d of a t 198°, th e correct boiling point. O ne cell-full of th e liquid e x e rts a m ark ed degree o f absorption, though, ju d g in g from th e alcohols previously exam ined, th e sp ectru m is very m uch w h at one m ig h t ex p ect from a substance co n tain in g as m any as eig h t carbon atom s.
I t is w o rth rem ark in g t h a t th e im pure specim ens of m ethylic an d ethylic alcohols, w hen d ilu te d w ith an equal or double volum e of w ater, w ere perfectly diactinic.
The F a tty A cids.
F orm ic A c id . Specim en N o. 1.-T his acid w as evid en tly very carefully prepared and of g re a t p u rity ; i t was said to be crystallisable a t 48° F., th o u g h we did n o t succeed in obtaining i t in th e solid form. O btained from M r. K a h l b a t jm . Specimen No. 3.-Prepared by us from a beautifully crystallised specimen of formiate of lead, by decomposing the salt, after drying it a t 130° C., in a current of pure dry sulphuretted hydrogen, and subsequent distillation from a further quantity of formiate of lead crystals.
Specimen No. 4.-Consisted of two or three portions of the acid fractionally distilled during the preparation of the substance from oxalic acid and glycerin.
All these specimens were m anifestly impure, for they yielded spectra in which the more refrangible rays were absorbed to a varying ex ten t in every case, the absorption being considerable. The acid prepared from th e lead salt by means of sulphuretted hydrogen gives the shortest spectrum and probably contains some sulphur compound. W e have been much troubled by repeated attem pts to prepare pure formic acid. I t was decided, if possible, to oxidise pure methylic alcohol to th e acid. W hen bichromate of potash and sulphuric acid are used for the purpose there is a danger of oxidising the acid to carbonic acid ; and when we consider, too, th a t in order to oxidise 16 grammes of alcohol a litre of a solution of the bichromate salt is required, it is easily seen th at the formic acid will be diluted so largely th a t in the process of separation by distillation th e product would be destroyed-a t any rate this m ethod was unsuccessful. The action of sulphuric acid and manganic oxide or tartaric acid does not yield a pure substance. The action of oxalic acid on formiate of barium yields a distillate which at first is different from th e product of other processes in being free from a slight but peculiar odour, and which it is highly probable is not proper to formic acid, but belongs to some ever present im purity. On continuing th e distillation, the usual smell was developed, which fact seems to show th a t heat causes a change in the formic acid. I t is said by L o r in (vide W a tts' * Dictionary of Chemistry,' vol. vi.) th a t formic acid of 87 per cent, can be obtained by the dry distillation of cupric formate. I t is quite tru e th a t a small quantity of very weak formic acid can be obtained by this process, b u t as soon as all the crystalline w ater has been distilled off no yield of formic acid is obtainable from th e salt. The products of th e action of heat on the dried salt when m aintained a t a tem perature of 200° in a paraffin bath, are metallic copper, carbonic acid and water, and, in all probability, carbon monoxide is formed.
The specimens of formic acid examined by Dr. M il l e r and by M. S oret give much shorter spectra than ours. The formic acid examined by th e latter observer absorbed all the rays beyond the 8 th cadmium line, while th e two better of our specimens transm it rays to a distance midway between the 12th and 17th lines (see Diagram 2), and th a t too through double the thickness of liquid.
Acetic A cid .-Two or three specimens of th e glacial acetic acid of commerce were examined, as wT ell as specimens carefully purified by distillation and crystallisation. The spectra were the same in each case, transm itting rays ju s t beyond 17, P ropionic A cid . Specim en N o . 1.-T his was a very good sam ple of th e acid, boiling a t 140°-141° a fte r rectification.
Specim en N o. 2.-T his was p rep ared from th e nitrile. B oiling p o in t 141°. Specim en N o. 3.-T his was a fraction of th e d istilla te from No. 2. I t boiled a t 139°-141°. T hese th re e specim ens do n o t g re a tly differ in th e le n g th of tra n sm itte d s p e c tr u m ; th e two acids p rep ared from th e n itrile are m ore d iactinic th a n th e other. The acid exam ined b y M. S o r e t corresponds w ell w ith these.
B u ty ric A c id .-No. 1 boils a t 161°*5-162°, No. 2 a t 160°-1 6 1 o,5. B o th portions are very n early th e sam e in diactinic p ro p erty , an d eq u al thicknesses of th e liquid being tak e n th e y do n o t differ m uch from th e propionic acids.
The specific volum es of th ese four fa tty acids are th e follow ing : - C onsequently we m u st exam ine th ic k n esse s of liquid p roportional to th ese num bers in order to see th e change in diactin ic p ro p e rty corresponding to m olecular differences. Since, how ever, we have n o t been able to o b tain p u re form ic acid w e have v ery carefully crystallised form ate of sodium a n d com pared i t w ith sodium salts of those acids, m olecular w eights of th e salts bein g dissolved an d m ade u p to equal volum es of liquid. O ne of th e p u re s t specim ens of th e sodium form ate w as p rep ared from a beautifully crystallised copper s a lt w hich h a d been com pletely d ried an d h e ated to near th e te m p e ra tu re a t w hich i t decom poses. T his w as dissolved in w a ter an d m ixed w ith a solution of carbonate of soda in j u s t sufficient q u a n tity to p rec ip ita te th e copper. A little cupric h y d ra te rem ained dissolved, a n d w as se p a ra te d b y electro lysis in a p latin u m dish w ith th e aid of one of G r o v e 's cells. T he aqueous solution of th e sodium sa lt was slig h tly yellow ish, b u t a b e au tifu lly w h ite p ro d u ct w as obtained by p recip itatio n from a h ig h ly co n cen trated liq u id by th e ad d itio n of p u re absolute alcohol, in w hich th e form ate is m uch less soluble th a n in w ater. The crystallin e precip itate was recrystallised from alcohol. N o tw ith sta n d in g , how ever, th e excessive care w ith w hich sodium form ate w as prepared, i t was found practically im possible to obtain i t in a sta te of sufficient p u rity to m ake i t available for tru s tw o rth y obser vation. C rystals of snow -like w hiteness yielded yellow ish solutions soon becom ing yellow ; various crops of such crystals gave sp ectra of different lengths ; som etim es th e portion giving th e longest spectrum , a fte r th e m ost carefid recrystallisations w ould tra n sm it only h a lf th e rays, and b y no artifice could a fraction be m ade to tra n sm it th e original spectrum of th e salt. A v ery careful exam ination show ed us t h a t form ate of soda is changed w ith extrem e ease in to oxalate, an d th e re is no d o u b t th a t from this fact arises th e unsuccessful issue of our experim ents on th is salt. T he solution of th e four sodium salts contained th e following w eights of th e substances : F orm ate, Single and double thicknesses of liquid were examined. In Diagram No. 2 is shown the effect on the ultra-violet rays of th e spectrum due to three successive members of a homologous series of acids. Each solution contained a molecule of the sodium salt of the acid. The two series of observations 1 and 2 represent the action of single and double cells or thicknesses of § and 1^-inch respectively. I t is particularly striking how the second series of observations shows a regular decrease in transm itted rays caused by each increm ent of C H 2 in th e molecule.
The same fact is again noticeable in Diagram No. 3, P late 23. Here, in order to get rid of th e inconvenience caused by th e change of alkaline formates into oxalates on evaporation, we made use of very beautiful specimens of barium salts. In this case the formate is. th e most transparent of salts, and it may be seen th a t the acetate bears the same relation to it in transparency th a t in th e case of the sodium salt the propionate bore to th e acetate.
A glance a t Diagram No. 3 will show th a t a cell-full of the acids corresponding to the ethylic and propylic alcohols, which we have every reason to believe are perfectly pure substances, are less diactinic th an the alcohols as shown in Diagram No. 1, which fact points to the carboxyl group in th e molecule possessing a special absorptive power greater th an th a t of hydroxyl. W e have further evidence of this in the short spectrum of oxalic as compared w ith acetic acid. The specimen examined was pre pared w ith great care and repeatedly recrystallised.
There is every reason to believe in its absolute purity.
The Ethereal Salts o f F a tty Acids.
In examining regular series of formates, acetates, propionates, &c., of the radicles, methyl, ethyl, and propyl, it was expected th a t probably the m ajority of substances would be of such a degree of p u rity th a t some relation between their constitution and their optical properties would be traceable. A bout tw enty specimens of these com pound ethers were obtained from Mr. K a h l b a u m ; they varied in quantity according to the nature of the substances, b u t the majority of the specimens weighed 50 grammes. They were purified by washing w ith distilled w ater and with carbonate of potash ; they were dried by standing over fused carbonate of potash, and were subsequently distilled. The boiling points of the various specimens examined are given on Diagram No. 4. I t will be seen th a t it was hopeless to get any result from this examination, many of the substances manifestly containing impurities which injured their photographic transparency. The only three bodies which appear to be pure are the ethylic acetate, propionate, an d b u ty ra te . E v en in th is case tw o specim ens of th e sam e substance, w ith precisely th e sam e boiling point, vary slig h tly in diactinic quality. U nless very large q u a n titie s of liquid are operated upon, substances cannot be purified by fractional distillation, an d even u n d e r m ost favourable circum stances d istillatio n m u st be several tim es repeated. The rem ark ab ly sh o rt sp ectru m tra n s m itte d by a m y l-b u ty ra te was due ev id en tly to some im p u rity , since th e behaviour of th e substance on dilu tio n w ith alcohol was q u ite in accordance w ith th is view. T he generally tra n s p a re n t ch aracter of the alcohols an d eth ereal salts is rem arkable.
N o rm a l H ydrocarbons.
O nly th re e o f th ese -hexane, h ep tan e, an d octane-have been exam ined ; th e y were specimens k in d ly le n t us b y Prof. S c h o r r e m m e r , an d believed to be perfectly pure. Three series o f p h o tographs w ere ta k e n of th em , b u t th e y y ielded spectra in no w ay corresponding to th e ir difference in com position, from w hich we are inclined to believe th e y w ere im pure (see D iagram No. 2).
C om pound A m m onias.
A series of five of th ese bodies w as exam ined, th e solutions containing 33 p er cent, of th e substances in th e case of ethylam ine an d m ethylam ine. I t is believed th a t, w ith th e exception of ethylam ine, th e y contained some im p u rity , since th e m ethy lam ine an d dim ethylam ine yielded sh o rte r sp ectra th a n th e ethylam ine. T hese w ere commercial sam ples, an d m ost probably w ere p rep a red from am m onia o b tained from gas-liquor. M . S o r e t has show n t h a t commercial am m onia, even a fter m any re c ry sta l lisations as su lp h ate, still show s an absorption band, due to some im p u rity w hich is con stan tly p r e s e n t; i t is therefore scarcely likely th a t p u re pro d u cts w ould be obtained unless specially p rep ared am m onia be used for th e purpose. W e considered t h a t th e volcanic am m onia, w hich is free from some of th e im p u rities p resen t in t h a t m ade from gas-liquor, m ig h t be p erfectly diactinic. T hree sep arate sam ples, each m easuring h a lf a gallon, w ere exam ined, w ith th e re su lt t h a t all th e ray s beyond 17 C d were c u t off. E ven w hen so d ilu te t h a t only one volum e of am m onia was contained in 64 of w ater, all traces of absorption h a d n o t been destroyed (see D iagram No. 5, P la te 25). This absorption is n o t due to n itric acid, because M . S o r e t has show n t h a t th e absorption band due to t h a t substance occurs betw een 12 C d an d 17 Cd.
Conclusions.
(1.) The norm al alcohols of th e series Cw H 2«_iO H , are rem arkable for transparency to th e u ltra-v io let rays of th e spectrum , pure m ethylic alcohol being nearly as m uch so as w ater.
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(2.) The normal fatty acids exhibit a greater absorption of the more refrangible rays of the ultra-violet spectrum than the normal alcohols containing the same number of carbon atoms.
(3.) There is an increased absorption of the more refrangible rays corresponding to each increment of C H 3 in the molecule of th e alcohols and acids.
(4.) Like the alcohols and acids th e ethereal salts derived from them are highly transparent to th e ultra-violet rays, and do not exhibit absorption bands.
PA R T II.

E xam ination o f Substances containing the Benzene Nucleus.
In the exam ination of such substances as contain a closed chain of carbon atoms doubly linked together, one fact presented itself in a striking manner. All these bodies are strongly adiactinic, those which are th e least so being the hydrocarbons ; Diagram No. 2, will a t once make this apparent. Professor S to k es has pointed out th a t one of these substances, salicine, in an aqueous solution, th e stren g th of which is not stated, shows a characteristic absorption band. Now salicine is a substance the constitution of which is perfectly well known : it is a glucoside of saligenin, C«Hu Oa "I C"H4(O H )C H 3 j and consequently the absorption band may be due to the saligenin. A t any rate it seemed w orth while to dilute solutions of known strength, containing such allied substances as phenol, salicylic acid and salicylate of methyl, and ascertain whether any absorption bands are thus made visible. The result has disclosed the fact th a t almost if not entirely all benzene derivatives, including the hydrocarbon itself, are characterised by one or more absorption bands, which resist modification or extinction by dilution to an enormous extent.
For this p a rt of th e research it has been necessary to make solutions of known strength, to dilute them w ith definite quantities of w ater, and photograph the various liquids thus obtained. These photographs have been placed upon sectional paper, upon which th e lines of cadmium as seen in a photograph of the metallic spectrum have been drawn, and the proportions of substance in solution have been co-ordinated w ith the position of th e absorption bands relative to the cadmium lines. A series of curves has thus been obtained, and each of these proves to be a highly characteristic feature of the substance observed. The num ber of photographs necessary for com pleting the curves has varied very much w ith different substances, sometimes four or five, and occasionally eighteen or tw enty have been taken. W hen the substance to be examined was a liquid, two cubic centimetres were measured and diluted w ith alcohol if necessary, or w ater if possible, so as to form a to tal volume of 100 c.c. From this solution others more dilute were obtained, I f the substance w ere a solid 0*2 gr. or 0*02 gr. in w eig h t of th e body were dissolved in alcohol or w ater so as to form a to ta l volum e of 100 c.c., an d w hen it w as desirable to compare a liq u id substance w ith a solid, b o th w ere w eighed an d dissolved in th e sam e m anner. I n th is w ay salicylate of m eth y l was com pared w ith salicylic acid an d salicine.
Benzene (D iag ram No. 6).-A very p u re specim en, k in d ly le n t us by Professor G u t h r i e . A b o u t te n ounces of th e substance h a d been sep ara ted from m ore th a n a gallon an d a -h a lf o f th e com m ercial benzene, by successive crystallisations in a freezing m ix tu re. T he first featu re noticeable here is th e sm all a lte ra tio n in th e absorption of th e ray s cau sed b y a dilu tio n w ith 99 volum es of alcohol. I t is im possible to describe th e changes n o ticed on rep e ate d dilu tio n s w ith o u t reference to th e diagram , b u t it m ay be well to record th e proportions of alcohol to benzene in th e liquids p h o to graphed.
One p a rt of benzene w as successively d ilu te d so as to m easure 100, 150, 190, 220, 235, 250, 375, 500, 750, 850, 1000, 1275, 1500, 2000 , a n d 2500 tim es its original volume.
W ith a d ilu tio n o f 750, six absorption bands are seen. I n o th er w ords, as th e cell is % inch in thickness, a lay er of benzene WcToth of an inch in th ick n ess w ould show th e sam e spectrum . A s th e b ands are p erfectly w ell seen a fte r a dilu tio n of 1500 tim e s, it follows t h a t a film of benzene 2~oo(>th °f an inch in th ick n ess w ould show them . These hydrocarbons are th e lea st opaque to th e photographic ray s of th e m any substances containing th e benzene nucleus w hich we have exam ined, alth o u g h com pared w ith th e substances previously tre a te d of, nam ely, th e alcohols, fa tty acids, and eth ereal salts, th e y are g reatly w an tin g in transparency.
W e now pass to substances containing th e hydroxyl group replacing hydrogen.
Phenol, C6H 5.OH (Diagram No. 10).-Solutions in w ater containing the following quantities of the body were exam ined: xlro, -giro* w &o; Talo o * an(i tffoo. In this case, as in all the following, the intensity of all the absorption bands renders it necessary to reduce the dimensions of the ordinates to the curve, which represent the quantities of w ater used in dilution, otherwise the diagram would stretch to five times the length of those representing the hydrocarbons. The absorption of the rays more refrangible th a t 24 Cd was not extinguished by the dilution to tw o o > nor is it entirely destroyed by doubling such dilution.
Thymol (Diagram No. 11) .-This body is a methyl-iso-propyl-oxybenzene,
Solutions of the following strength were exam ined: 1 gramme was contained in 100 c.c./ 1000 c.c., 2000 c.c., 5000 c.c., 7500 c.c., 10,000 c.c., 20,000 c.c., 40,000 c.c., 80,000 c.c., 100,000 c.c.
The smaller effect of dilution on th e absorption rendered it necessary again to reduce the dimensions of th e ordinates to half those of th e phenol curves.
I t seems as if complexity of structure increases th e intensity of the absorption bands. Pyrogallol, Cf)H 3 (O H )3 (Diagram No. 12). -Solutions containing the following proportions of the substance were examined : -gio» xiloo* W oo; Toooo> 50000; 75M o» and TooW ff* A fter dilution has reduced the proportion of substance in solution to 5p 0, rays beyond 18 Cd are faintly transm itted, with a proportion of -50000 there is nearly complete transmission as far as 23 Cd, b u t there is still some absorption with 1 lOOOOO' Benzoic, hippuric, and phthalic acids being substances in which the carboxyl group occurs, are of much interest.
Benzoic A cid, C6H 5.COOH (Diagram No. 13).-Solutions containing -^wo, twoU > TToocf; 5~ooo> eO10 8ohoo5 loooo; 1 5£)IRT> 200005 400005 800005 &nd 126*0oo their weight of substance were examined.
The most diluted of these liquids still partially absorbed th e rays beyond 23 Cdth a t is to say, they were enfeebled. There is a feeble transmission of the rays between 17 Cd and 18 Cd with a dilution of xmro* This extends to the main band of transm itted rays a t and a continuous spectrum is transm itted as far as 18 Cd with 5 q 00. and 400000 ths. their weight were examined. The last solution on comparison with distilled water still showed a slight absorption of the extreme rays. I t is the increased opacity of the latter substance which constituted the chief difference between the spectra of benzoic an d ph th alic acids.
T his stre n g th e n s th e view already expressed, t h a t th e introduction o f th e carboxyl group in to a m olecule increases th e actinic absorption, phthalic acid sta n d in g to benzoic as oxalic to acetic acid, w hile benzoic acid an d phenol are related in th e sam e m anner as acetic acid a n d alcohol.
H ip p u ric A c i d , C9H 9 N O s, (D iagram No. 15 ).-T his being a benzam ido-acetic acid it was in te re stin g to a scertain w h e th e r th e benzoic acid resid u e w as traceab le; its peculiarities, however, do n o t appear. S olutions exam ined contained , 2irso> W oo* lo o o o * a n d 4o ooo °f th e ir w eig h t of th e substance.
Aniline, 2000* 3000* 3200* 4000* 4400* 4500* 4^700* 5000* 6000* 8000* 10000* TFooo* an fi "210000 °f th e ir w eig h t of th e substance. T here is n o th in g rem arkable in th e spectrum u n til a fte r a d ilu tio n of f o V o * from th is point, how ever, u n til is reached, th e curves obtained are v ery curious.
Oxybenzoic A cid , 1*3 (D iagram No. 18 ).-This com pound is rem ark ab le for its adiactinic q u ality ; i t tra n sm its no rays beyond 12 C d u n til a fte r a d ilu tio n of an(l th ere is still a d istin c t absorption b etw een 12 C d a n d 17 C d u n til -20000* w hen even th e rays beyond 18 C d are only feebly tra n sm itte d .
Paroxybenzoic A c id , 1*4 (D iagram No. 19) .-T his acid shows an increase in adiactinic q u ality exceeding t h a t of th e preceding substances. Solutions containing y 3000* 36000* 39000* ■ 52000* TTc>oo* ToTooo* T 5 Tooo* T05V 00* a n fi 140000 th e ir w eig h t o f th e substance were exam ined, an d th e diagram s constructed from th ese tw o o th er sets of observations were, however, ta k e n w ith various proportions of solid to solution ; th ey gave, however, th e same result.
N o rays beyond 17 C d are tra n s m itte d u n til after a dilution of -go060 h as been reached. T here is a broad absorption band betw een continues, though diminished in power, until 205,000 parts of w ater have been added. Tooo> Toooo» A t first, all rays beyond 12 Cd are absorbed, and this condition continues until beyond a dilution of t^o, when th e rays between 17 Cd and 18 Cd are transm itted. The absorption band lying between 12 Cd and 17 Cd becomes nearly extinguished by an addition of 45,000 parts of the d ilu e n t; b u t a t th e same tim e a second band of rays, lying between 25 Cd and 26 Cd, is transm itted, which gradually extends b u t does not overcome the absorption band lying betw een 18 Cd and 23 Cd until after a dilution w ith 60,000 parts of water.
Sahcine,
following proportions of substance : 4 i^o> n*W» Worn ¥¥oo> looeo> an(l 50000-The absorption band is highly characteristic. Transm itted rays, a little less refran gible than 23 Cd, make their appearance in. solutions containing xiW of substance, in addition to th e continuous transmission of rays less refrangible than 17 Cd. In solutions containing s^oo-th e absorption band has practically disappeared. -nitro-phenol, C6H 4 .N 0 2.OH, 1*2 (Diagram No. 22 ).-Aqueous solutions only of the phenols were employed notw ithstanding th eir very slight solubility in water. Solutions containing o> 80*0o> i 20oo> 1 e 0oor> '200oo> 250oo> 2sooo> "3oo'ooj 320001 ¥¥Fo'o> 3 6000) loooo-T5 "0o "O3 Toioo> 55000) an(l IToooo' °f tbeir weight of the crystals were examined.
Ortho
A lthough this is a colourless substance it is rem arkable how it cuts off nearly all b u t th e visible rays, even when dissolved in 20,000 tim es its weight of water. W hen the dilution has reached 25,000, th e rays a little beyond 11 Cd and 12 Cd are tra n sm itte d ; a t 35,000 a second band of rays lying between 18 Cd and 23 Cd makes its appearance ; and a t 60,000 there is almost a continuous spectrum nearly as far as 26 Cd, though traces of an absorption band are seen even in presence of 120,000 parts of water.
Para 1'4 (Diagram No. 23) .-This substance is strongly coloured yellow, an d m ore th a n 16,000 p a rts of w a te r do n o t yield a solution w hich is colourless when an inch of liq u id is exam ined. Solutions w ere m ade containing th e follow ing proportions of th e sa lt b y w e ig h t:- T he ch ief featu re in th e curve derived from th e sp e ctra of th is su b tan ce is th e long, straig h t, alm ost u n a lte re d absorption b a n d a t a b o u t 9 Cd, w hich stre tc h es from 8000 to 40,000.
Thei'e is still absorption n e ar 23, 24, 25, a n d 26 Cd, in presence of 120,000 p a rts of w ater.
P a ra -n itra n ilin e , 1*4 (D iagram No. 25).-S olutions co ntaining ^croo> W oo-) T eooo) 2oooo) 40000) 60000) an(l T ooooo p a rts b y w e ig h t of th e su b stan ce w ere exam ined. The general appearance of th e curve rep re se n tin g th is body resem bles in a strik in g degree t h a t belonging to th e corresponding nitrophenol.
T he absorption b an d w hich in presence of 50,000 p a rts of w a te r lies betw een th e air-line a n d 10 C d continues, th o u g h narrow ed an d m uch enfeebled, u n til double th is d ilu tio n has been effected. T h ro u g h o u t th e various d ilu tio n s th e blue an d vio let ray s w ere absorbed, a lth o u g h more refrangible ray s w ere tra n s m itte d .
The following exam ples afford an instance of one of th e applications of th is k in d of w ork to th e purposes of research.
T yrosine was for some tim e considered by B a r t h and o th e r chem ists to be a d eri vative of paroxy-benzoic acid, b u t m ore recen tly i t has been reg a rd ed as an oxyphenylam ido-propionic acid,
B u t th ese view s have n o t been confirm ed by th e synthesis of th e substance.
I f it be a d eriv ative of paroxy-benzoic acid i t m ay be e x p ected to p a rta k e of th e peculiarities of th is substance in its action on th e u ltra -v io le t rays of th e spectrum .
. AATe have accordingly exam ined solutions of tyrosine (see D iagram No. 26) , and find th a t i t m ore nearly resem bles a phenol in actinic q u a lity th a n an acid in which th e carboxyl group replaces h ydrogen in th e benzene nucleus. H ence th e la tte r view of its co nstitution, w hich rep resen ts th e group oxyphenyl as s u b s titu tin g hydrogen in amido-propionic acid, is m ore correct th a n th e form er, since i t is in accordance w ith its optical character.
ACTION OP ORGANIC SUBSTANCES ON THE RAYS OP THE SPECTRUM.
The solutions of tyrosine examined contained 5oo> ichoo* aoioo and of their weight of the substance.
Phlorizine (Diagram No. 27 ).-I t was considered of interest to examine this substance, since it is a glucoside containing the residue of phloroglucin, a body isomeric with pyrogallol, and phloretic acid an oxyphenyl-propionic acid. Solutions containing the following proportions of the substance were taken :
5-^, -5 000, toooo, ttooo» 3oko> and 50^g. The absorption band is well defined and of great intensity; the second band of transm itted rays appearing a t occupies the same position as th at seen in tyrosine, though there is not much resemblance between the curves of these two bodies.
I t is evident th a t most interesting results may be anticipated from a continuation of this research, and this contribution m ust be accepted as rather the bare commence m ent of the subject than its conclusion.
The following is a summary of the chief points of iuterest appertaining to benzene and its derivatives :-(1.) Benzene and the hydrocarbons, alcohols, acids, and amines derived therefrom are remarkable-first, for their powerful absorption of the more refrangible ra y s ; secondly, for the absorption bands made visible by dissolving them in w ater or alcohol; and thirdly, for the extraordinary intensity of these absorption bands : th a t is to say, their power of resisting dilution. (2.) Isomeric bodies containing the benzene nucleus exhibit widely different spectra, inasmuch as their absorption bands vary in position and in intensity. (3.) The photographic absorption spectra can be employed as a means of identifying organic substances and as a most delicate test of their purity. The curves obtained by co-ordinating the extent of dilution, or in other words the quantity of substance, w ith the position of the rays of the spectrum trans m itted by the solution, form a strongly marked and highly characteristic feature of very many substances. ------------------------------------------------------------------------------------- 
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